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NANO-SIZE IMPRINTING STAMP USING SPACER TECHNIQUE 

FIELD OF THE INVENTION 

The present invention relates generally to a structure and method of 
fabricating nanometer sized imprinting stamps using a spacer technique. More 
specifically, the present invention relates to a structure and method of fabricating 
nanometer sized imprinting stamps using a spacer technique, wherein the resulting 
imprinting stamps can occupy substantially all of a surface area of a substrate the 
imprinting stamps are formed on and wherein the imprinting stamps can have 
complex shapes that vary among the imprinting stamps. 

BACKGROUND OF THE ART 

Nano-imprinting lithography is a promising technique for obtaining nano-size 
(as small as a few tens of nanometers) patterns. A key step in forming the nano- 
size patterns is to first form an imprinting stamp that includes a pattern that 
complements the nano-sized patterns. 

In FIG. 1a, a prior nano-imprint lithography process includes an imprinting 
stamp 200 having a plurality of imprint patterns 202 formed thereon. In FIG- 1b, the 
imprint patterns 202 consists of a simple line and space pattern having a plurality of 
lines 204 separate by a plurality of spaces 206 between adjacent lines 204. By 
pressing (see dashed arrow 201) the imprinting stamp 200 onto a specially designed 
mask layer 203, a thickness of the mask layer 203 is modulated with respect to the 
imprint patterns 202 (see FIG. 1a) such that the imprint patterns 202 are replicated 
in the mask layer 203. 

Typically, the mask layer 203 is made from a material such as a polymer. For 
instance, a photoresist material can be used for the mask layer 203. The mask layer 
203 is deposited on a supporting substrate 205. Using a step and repeat process, 
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the imprinting stamp 200 is pressed repeatedly onto the mask layer 203 to replicate 
the imprint patterns 202 in the mask layer 203 and to cover the whole area of the 
mask layer 203. 

In FIG. 2, after the step and repeat process, the mask layer 203 includes a 
plurality of nano-size impressions 207 that complement the shape of the imprint 
patterns 202. Next, in FIG. 3, the mask layer 203 is anisotropically etched (i.e. a 
highly directional etch) to form nano-sized patterns 209 in the mask layer 203. 
Typically, the supporting substrate 205 or another layer (not shown) positioned 
between the mask layer 203 and the supporting substrate 205 serves as an etch 
stop for the anisotropic etch. Alternatively, the mask layer 203 can serve as an etch 
mask for an underlying layer (see reference numeral 208 in FIGS. 7a through 7d) 
and the pattern of the nano-size impressions 207 is replicated in the underlayer by a 
subsequent anisotropic etch process. 

In FIG. 4a, the formation of the imprint patterns 202 on the prior imprinting 
stamp 200 begins by depositing alternating layers of thin film material (211, 213) on 
a substrate 215 to form a multi-stacked thin film 210 that extends outward of the 
substrate 215. The multi-stacked thin film 210 is then sliced into a plurality of 
discrete segments A s along a direction shown by dashed arrow S. For example, in 
FIG. 4b, the substrate 215 can be a wafer of semiconductor material upon which the 
multi-stacked thin film 210 is deposited. After all layers of the multi-stacked thin film 
210 have been deposited, the wafer (i.e. the substrate 215) is then sliced to form the 
discrete segments A s . 

In FIG. 5a, a discrete segment A s includes a portion of the multi-stacked thin 
film 210 and a portion of the substrate 215. In FIGS. 5b and 5c, the discrete 
segment A s is selectively etched to define the imprint pattern 202. Differences in 
etch rates between the alternating layers (211, 213) causes one of the layers to be 
etched at a faster rate than the other layer resulting in differences in height between 
the alternating layers (211, 213). Those differences in height define the imprint 
pattern 202. 
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One disadvantage of the prior imprinting stamp 200 is the imprint pattern 202 
is formed on only a fraction of the useable area of the imprinting stamp 200 as 
illustrated in FIGS. 5b, 5c, and 6. The imprint pattern 202 occupies an imprint area 
I A that is substantially smaller than a non-patternable area N A . As a result, only a 
fraction of the available area is utilized by the imprint pattern 202. 

A second disadvantage of the prior imprinting stamp 200 is the imprint pattern 
202 consists of simple line and space patterns (204, 206) as is illustrated in FIG. 6. 
Consequently, the resulting nano-size impressions 207 are also limited to simple line 
and space patterns because they complement the imprint pattern 202. 

D 

a 

CP In FIG. 7a, the imprint stamp 200 is pressed 201 onto the mask layer 203 to 

Rj 

J replicate the simple line 204 and space 206 patterns of the imprint pattern 202 in the 

j mask layer 203. In FIG. 7b, after the pressing step, the mask layer 203 includes the 

* complementary nano-size impressions 207 replicated therein. As was noted above, 

u the nano-size impressions 207 also have the simple line and space pattern denoted 

t _ : 

jf: as 204' and 206' respectively. 

few 

ru 

In FIG. 7c, the mask layer 203 is anisotropically etched until the space 
patterns 206' are coincident with an upper surface 208' of an underlayer 208 and the 
line patterns 204' extend outward of the upper surface 208'. The line and space 
patterns (204', 206') will serve as an etch mask for a subsequent anisotropic etch 
step. Next, in FIG. 7d, the underlayer 208 is anisotropically etched through the 
mask created by the line and space patterns (204', 206') to define the nano-size 
patterns 209. 

Another disadvantage of the prior imprinting process as illustrated in FIGS. 7a 

through 7d is that the imprint area I A and the non-patternable area N A of the imprint 

stamp 200 are replicated in the nano-size patterns 209 such that the only a small 
fraction of the available area of the substrate 205 is includes the nano-size patterns 
209 as indicated by a patterned area P A and a large portion of the substrate 205 
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remains as an unpatterned area U A . For example, the patterned area P A can be 
several microns and the unpatterned area U A can be several hundred microns or 
more. 

Although, a step and repeat process can be used to repeatedly press the 
imprint pattern 202 over a larger area of the mask layer 203, that process can result 
in print defects caused by some of the material from the mask layer 203 adhering to 
the imprint patterns 202 or by wear to the imprint patterns 202 due to repeated 
pressing steps. Moreover, the step and repeat process does not address the 
limitations created by the aforementioned simple line and space patterns (204, 206). 

Consequently, there exists a need for a nano-size imprinting stamp that can 
be formed over a large area. There is also a need for a nano-size imprinting stamp 
that can include complex patterns and shapes. 

SUMMARY OF THE INVENTION 

The nano-size imprinting stamp of the present invention solves the 
aforementioned disadvantages and limitations. The wide-area nano-size imprinting 
stamp of the present invention includes a plurality of imprint stamps that can occupy 
substantially all of a useable surface area of a substrate thereby solving one of the 
disadvantages of the prior imprint stamps in which the imprint patterns were formed 
on only a fraction of the useable area available. The imprint stamps of the present 
invention have complex predetermined shapes that can vary among the imprint 
stamps so that the limitations of simple line and spaces patterns of the prior imprint 
stamps are solved. Moreover, the imprinting stamp of the present invention can be 
formed over a wide area so that the disadvantages associated with the non- 
patternable area of the prior imprint stamps are also solved. 

Other aspects and advantages of the present invention will become apparent 
from the following detailed description, taken in conjunction with the accompanying 
drawings, illustrating by way of example the principles of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



FIGS. 1a and 1b are profile and top plan views respectively of a prior imprint 
stamp and prior imprint patterns. 

FIG. 2 is a profile view of a prior mask layer with nano-size impression formed 
therein by the prior imprint stamp of FIG. 1a. 

FIG. 3 is a profile view of the prior mask layer of FIG. 2 after an anisotropic 
etch step. 

FIG. 4a is a cross-sectional view of a prior process for forming a prior imprint 

stamp. 

' FIG. 4b is a profile view of a prior substrate before the substrate has been 
sliced into discrete segments. 

FIGS. 5a through 5c are cross-sectional views of discrete segments of a prior 
imprint stamp that has been selectively etched to define the prior imprint patterns. 

FIG. 6 is a profile view depicting an imprint area and a non-patternable area 
of the prior imprint stamp. 

FIGS. 7a through 7d depict a prior process for pressing the prior imprint 
stamp into the prior mask layer to form nano-size patterns. 

FIG. 8 is a profile view of a micro-feature according to the present invention. 

FIG. 9 is a profile view of a spacer layer formed over the micro-feature of FIG. 
8 according to the present invention. 
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FIG. 10 is a profile view of a spacer formed by selectively etching the spacer 
layer of FIG. 9 according to the present invention. 

FIGS. 11a through 11f depict a process for forming a wide-area nano-size 
imprinting stamp according to the present invention. 

FIGS. 12a through 12c are top profile views . of micro-features and spacers 
having complex shapes according to the present invention. 

FIGS. 13a through 13c are cross-sectional views that depict a process for 
forming the micro-features and spacers of FIGS. 12a through 12c. 

FIG. 14 is a profile view of a wide-area nano-size imprinting stamp formed by 
selectively etching the micro-features and spacers of FIG. 13c. 

FIG. 15 is a profile view depicting an imprint profile formed by micro-features 
and spacers having complex shapes according to the present invention. 

FIG. 16 is a cross-sectional view of various layers of materials that can be 
used to form a wide-area nano-size imprinting stamp according to the present 
invention. 

FIG. 17 is a cross-sectional view of a micro-feature and spacers formed using 
a process similar to a LDD process according to the present invention. 

FIGS. 18a and 18b are top plan views of substrates in which the imprint 
stamps occupy substantially all of a useable area of the substrates according to the 
present invention. 

FIGS. 19a and 19b are top plan views of a substrate that has been 
partitioned into a plurality of die and of a die in which the imprint stamps occupy 
substantially all of a die area of the die according to the present invention. 
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FIG. 20 is a cross-sectional view of an imprint stamp in which a filler layer has 
been selectively etched to a predetermined thickness according to the present 
invention. 

FIGS. 21a through 21 d are cross-sectional views depicting the formation of a 
micro-feature from a feature layer according to the present invention. 

FIG. 22 is a profile view of a wide-area nano-size imprinting stamp and a 
mask layer being urged into contact with each other to transfer an imprint profile to 
the mask layer according to the present invention. 

DETAILED DESCRIPTION 

In the following detailed description and in the several figures of the drawings, 
like elements are identified with like reference numerals. 

As shown in the drawings for purpose of illustration, the present invention is 
embodied in a wide-area nano-size imprinting stamp carried by a substrate including 
a base surface having a usable area defined thereon. A plurality of imprint stamps 
are in contact with the base surface and extend outward of the base surface. The 
imprint stamps are spaced apart from one another and occupy substantially all of 
the useable area of the base surface. Each imprint stamp has a predetermined 
shape and includes a micro-feature having side surfaces positioned in opposition to 
each other and a plurality of spacers formed on the opposed side surfaces and 
extending outward of the side surfaces. The spacers and the micro-features also 
extend outward of the base surface and the spacers and the micro-features include 
a height and width that varies among the spacers and the micro-features to define 
an imprint profile. The imprint profile can define complex shapes that can be 
imprinted as a pattern on a mask layer. 

In FIG. 8 a substrate 11 includes a base surface 13 having a usable area Au 
defined by a product of a width W and length L of the of the base surface 13 such 
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that the useable area A y = W * L. Although a rectangular shape is illustrated in FIG. 
8, the present invention is not limited to that shape and other shapes such as a 
circular shape, for example, can be used and the useable area A y can be 
determined based on the shape selected. For instance, the useable area Ag for a 
circular shape would be A u = 2tt * r 2 . A plurality of imprint stamps 20 are in contact 
with the base surface 13 and extend outward of the base surface 13 (as will be 
described below). The imprint stamps 20 are spaced apart from one another and 
are positioned on the base surface 13 so that the imprint stamps 20 occupy 
substantially all of the useable area A u . 

In FIGS. 8 and 10, each imprint stamp 20 has a predetermined shape and 
includes a micro-feature 21 that extends outward of the base surface 13 and 
including opposed side surfaces (22a, 22b). Each imprint stamp 20 further includes 
a plurality of spacers 23 (two are shown in FIG. 10) that extend laterally outward of 
the opposed side surface (22a, 22b) of the micro-feature 21 and the spacers 23 also 
extend outward of the base surface 13. The micro-feature 21 and the spacers 23 
include a height and a width that varies among micro-feature 21 and the spacers 23 
to define an imprint profile 24 (as will be described below). 

In FIG. 9, the spacers 23 can be formed by depositing a material for a spacer 
layer 23a on the micro-feature 21 and the base surface 13 using deposition 
processes that are well known in the microelectronics arts, such as chemical vapor 
deposition (CVD) or atomic layer deposition (ALD), for example. Preferably, the 
material for the spacer layer 23a is conformally deposited over the micro-feature 21 
and the base surface 13 so that a first thickness t, of the material on the opposed 
side surface (22a, 22b) is substantially equal to a second thickness t 2 of the material 
on the base surface 13 and a top surface 25 of the micro-feature 21 ( t, * t 2 ). That 
is, the lateral growth rate of the material is substantially equal to the vertical growth 
rate of the material. A portion of the spacer layer 23a that is disposed on the top 
surface 25 and the base surface 13 is removed using a highly selective etch process 
such as an anisotropic etch, for example, that etches the material at a faster etch 
rate in a preferred etch direction indicated by dashed arrow E. As a result, the 
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material covering the top surface 25 and the base surface 13 is removed and the 
material covering the opposed side surface (22a, 22b) remains and forms the 
spacers 23 as depicted in FIG. 10. 

In FIG. 1 1a, a plurality of micro features 21 are formed on the base surface 
13 of the substrate 1 1 . After conformally depositing and then selectively etching a 
material for the spacers 23, a plurality of spacers 23 are formed on the opposed side 
surfaces (22a, 22b) as depicted in FIG. 11b. 

The deposition process can be repeated as necessary to form additional 
spacers 23 as depicted in FIGS. 11c and 11d. Each deposition step is followed by a 
selective etch step. 

In FIG. 11e, after the desired number of spacers 23 are formed, the plurality 
of micro-features 21 and their associated spacers 23 are planarized (i.e. made 
substantially flat) by a planarization process such as chemical mechanical 
planarization (CMP), for example. After the planarization step, the micro-features 21 
and their associated spacers 23 extend outward of the base surface 13 by a 
substantially uniform height h 0 . 

In FIG. 11f, a wide-area nano-size imprinting stamp 10 is formed by 
selectively etching the micro-features 21 and the spacers 23. For instance, an 
etchant can be selected to etch only the micro-features 21 such that the height of 
the micro-features 21 (i.e. the height they extend outward of the base surface 13) 
decreases with etch time. Consequently, after the etching process, there are 
variations in height (h, and h 2 ) between the micro-features 21 and their associated 
spacers 23. Those variations in height (h, and h 2 ) define the imprint profile 24 for 
each imprint stamp 20. 

Depending on the materials from which the various spacers 23 and the micro- 
features 21 are made, an etchant can be selected to etch only one or more of those 
materials to reduce the height of those materials while not etching those materials 



Application of Meon Lee 



Page 9 of 22 



HP Docket No.: 10007140-1 



that are not targeted by the etchant. As a result, after the etching process, their will 
be variations in height among the spacers 23 and the micro-features 21 that define 
the imprint profile 24 of each imprint stamp 20. 

The predetermined shape of each imprint stamp 20 is defined by several 
factors including: the lithographic process used to define the micro-features 21 and 
the spacers 23; the materials used for the micro-features 21 ; and the spacers 23 
and the etchant and etch processes used to define the imprint profile 24 of each 
imprint stamp 20. The predetermined shape can be an identical shape among all of 
the imprint stamps 20, the predetermined shape can vary among all of the imprint 
stamps 20, or the predetermined shape can be a combination of identical shapes 
and shapes that vary among all the imprint stamps 20. 

In FIG. 11f the predetermined shape of the imprint stamps 20 is identical 
among all of the imprint stamps 20. In contrast, in FIGS. 14 and 15, the imprint 
stamps 20 have a predetermined shape that varies among all of the imprint stamps 
20 (two are shown). As depicted in FIGS. 11f, 14, and 15, the imprint stamps 20 
can have imprint profiles 24 that define complex shapes. 

In FIGS. 12a through 12c, the complex shapes for the imprint stamps 20 of 
FIG. 14 are formed by first depositing the micro-features 21 on the base surface 13. 
In FIG. 12a the micro-features 21 have a circular shape and a diamond shape; 
however, those shapes are for purposes of illustration only and the present invention 
is not to be construed as being limited to only those shapes described herein. 
Similarly, in FIG. 12b, spacers 23 having a shape that conforms with that of the 
micro-feature 23 are formed on the base surface 13 and the opposed side surfaces 
(22a, 22b) (not shown). In FIG. 12c, yet another layer of spacers 23 are formed on 
the previous layer of spacers 23. 

FIGS. 13a through 13c are cross-sectional views taken along dashed line AA 
of FIG. 12c. In FIG. 13a, a filler layer 31 is disposed between adjacent imprint 
stamps 20. A planarization step is used to planarize the entire structure such that 
the filler layer 31 , the micro-features 21 , and the spacers 23 extend outward of the 
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base surface 13 by the substantially uniform height h 0 and define a substantially 
planar surface as indicated by dashed line X. 

In FIG. 14, after one or more selective etching steps, the spacers 23 and the 
filler layer 31 are etched at a higher etch rate than the micro-features 21 of FIG. 13c, 
resulting in the micro-features 21 extending furthermost outward of the base surface 
13. Additionally, differences in etch rates and materials used for the spacers 23 
results in an innermost of the spacers 23 extending outward of the base surface 13 
a greater distance than an outermost of the spacers 23. Consequently, the imprint 
stamps 20 of FIG. 14 have an imprint profile 24 defining concentric circular and 
concentric rectangular shapes. In FIG. 15, other possible complex shapes for the 
imprint patterns 20 are illustrated. Lithographic processes and photoresist masks 
can be used to define complex imprint profiles 24 like those shown in FIG. 15. 

FIG. 16 is a cross-sectional view depicting a plurality of micro-features 21 
(denoted a B) and spacers 23 (denoted as D, E, & F) formed on a substrate 11 
(denoted as A) and planarized. For all the embodiments described herein, a 
material B for the micro-features 21 and materials D, E, & F for the spacers 23 can 
be a material including but not limited to those set forth in Table 1 below: 



Materials for the micro-feature 21 and the spacers 23 

Silicon Oxide (SiQ 2 ) 

Silicon Nitride (Si 3 N 4 ) 

Polysilicon 

A Metal 

Silicon Oxynitride (Si 2 N 2 0) 

Silicon Carbide (SiC) 

Diamond like Carbon 

A Silicide 

TABLE 1 
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In FIG. 16, the layers of materials D, E, & F for the spacers 23 alternate such 
that the materials for D, E, & F can be different materials or the same materials. For 
instance, D, E, & F can be identical materials that are doped with different impurities 
to alter their respective etch rates. 

Optionally, a filler layer 31 (denoted as C) can be disposed between adjacent 
imprint stamps 20. The filler layer 31 can be a material including but not limited to 
those set forth in Table 2 below: 



Materials for the filler layer 31 

Tetraethylorthosilicate (TEOS) 
A Boron (B) doped Tetraethylorthosilicate (BSG) 
A Phosphorus (P) doped Tetraethylorthosilicate (PSG) 
A Boron (B) and Phosphorus (P) doped Tetraethylorthosilicate (BPSG) 

TABLE 2 

The substrate 11 (denoted as A) can be made from a material including but 
not limited to those set forth in Table 3 below: 



Materials for the substrate 1 1 

A Glass 
PYREX™ 

Silicon Oxide (Si0 2 ) 
Aluminum Oxide (Al 2 0 3 ) 
Indium Phosphide (InP) 
A Semiconductor Material 
Silicon (Si) 
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Optionally, the substrate 11 (denoted as A) can be formed on a supporting 
substrate S. For instance, the substrate 11 can be a layer of silicon oxide (Si0 2 ) 
and the supporting substrate S can be a semiconductor material as silicon (Si). For 
example, the supporting substrate S can be a wafer of single crystal silicon (Si). 

As was noted above, the imprint stamps 20 can occupy substantially all of the 
useable area A y = W * L. However, in some instances it may be desirable or 
necessary for the imprint stamps to occupy an area that is less than substantially all 
of the useable area A u . In FIGS. 18a and 18b, the imprint stamps 20 occupy an 
area A p that is less than the useable area A Uf In FIG. 18a the substrate 1 1 has a 
rectangular shape and in FIG. 18b the substrate 11 has a circular shape. In either 
case, the area A p leaves a portion of the substrate 11 unoccupied and that 
unoccupied area can be used to physically handle the substrate 11 during 
microelectronic fabrication of the wide-area nano-size imprinting stamp 10. 

In FIG. 19a, the wide-area nano-size imprinting stamp 10 can be formed on a 
plurality of die 50 that are formed on the substrate 11 . The die 50 are spaced apart 
from one another in a manner similar to die used in the manufacture of 
semiconductor devices such as an ASIC, wherein the spaces between adjacent die 
define scribe marks that are used in sawing the substrate into individual die. For 
instance, if the substrate 11 is a wafer of silicon (Si), then the wafer is sawed along 
the scribe lines to separate the individual die 50 from the wafer. 

A die 50 denoted by dashed lines dd is shown in greater details in FIG. 19b 
where the die 50 has a die area defined as the product of W D * L D and the imprint 
stamps 20 occupy a sub-area A P that can be substantially all of the die area (i.e. W D 
* L D ) or can be less than die area. In FIG. 19b the sub-area A p is less than the die 
area (W D *L D ). 

The wide-area nano-size imprinting stamp 10 can be formed using well 
understood microelectronics processing techniques. In FIGS. 21a through 21 d, The 
micro-features 21 can be formed by depositing a feature layer 21a on the useable 
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area A y of the base surface 13 of the substrate 11 . The feature layer 21a can then 
be lithographically patterned 27 and then dry etched to define a plurality of the 
micro-features 21 having a top surface 25 and opposed side surfaces (22a, 22b). 



Next, a spacer layer 23a is conformally grown on the micro-features 21 until 
the spacer layer 23a has a desired thickness (t,, t 2 ) that is substantially equal on the 
top surface 25 and the opposed side surfaces (22a, 22b) (that is t., ~t 2 ) (see 
reference numeral 23a in FIG. 9). A process such as CVD can be used for the 
conformal growth of the spacer layer. 

u The spacer layer 23a is anisotropically etched to remove a portion of the 

2 spacer layer 23a that is disposed on the top surface 25 thereby defining a plurality of 

lJ 

CP imprint stamps 20 that include a plurality of spacers 23 disposed on the opposed 
% side surfaces (22a, 22b) of the micro-features 21 . A highly selective wet or dry 

5 



etching process can be used for the anisotropic etch step. 



rf The conformal growing step and the anisotropically etching step are repeated 

W as necessary to define additional spacers 23 on the imprint stamps 20. After 
q completing the conformal growing and the anisotropic etching steps, the imprint 
|y stamps 20 are planarized so that the micro-features 21 and the spacers 23 extend 

outward of the base surface by a substantially identical height h 0 . A process such 

as CMP can be used for the planarization step. 

A selected one or more of the micro-features 21 and the spacers 23 are 
selectively etched to define the imprint profile 24 in the imprint stamps 20. The 
selective etch process is repeated as necessary to selectively etch a selected one or 
more of the micro-features 21 and the spacers 23 to further define the imprint profile 
24. A wet or dry anisotropic etch process can be used to selectively etch the micro- 
features 21 and the spacers 23. 

Prior to the above mentioned planarization step, a filler layer 31 can be 
deposited over the imprint stamps 20. The filler layer 31 completely covers the 
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imprint stamps 20. After depositing the filler layer 31, the planarization step is used 
to planarize the imprint stamps 20 and the filler layer 31 so that the micro-features 
21, the spacers 23, and the filler layer 31 extend outward of the base surface 13 by 
the substantially identical height h 0 . After the planarization step, the filler layer 31 
can be selectively etched until the filler layer 31 reaches a predetermined thickness 
t f . That is, the filler layer 31 is etched until it is recessed below the substantially 
identical height h 0 (see FIG. 20). 

In FIG. 22, the wide-area nano-size imprinting stamp 10 is urged into contact 
(see dashed arrow U) with a mask substrate 61 that carries a film layer 63 and a 
mask layer 65. For example, the mask layer 65 can be a photoresist material such 
as PMMA that will deform and conform to the imprint profiles 24 of the imprint 
stamps 20 when the wide-area nano-size imprinting stamp 10 and the mask 
substrate 61 are pressed U into contact with each other. In subsequent processing 
steps, the mask layer can be etched to transfer the imprint patterns formed therein 
by the imprint profiles 24 to the underlying film layer 63. 

In FIG. 17, an example of one method for making the wide-area nano-size 
imprinting stamp 10 using the spacer technique includes using a process that is 
similar to a microelectronic process for forming an n-gate for a lightly doped drain 
(LDD) of a metal oxide semiconductor transistor (MOS). The substrate 11 can be a 
silicon (Si) substrate upon which a thin gate dielectric layer 41 is deposited on the 
base surface 13. The gate dielectric layer 41 can be silicon dioxide (SI0 2 ), for 
example. Next, a gate electrode denoted as g is formed on the gate dielectric layer 
41 and the gate electrode g forms the micro-feature 21. A material such as 
polysilicon can be used to form the micro-feature 21 , for example. After forming the 
micro-feature 21 , a spacer layer 23a can be conformally deposited over the micro- 
feature 21 and then anisotropically etched to form the spacers 23. A material such 
as silicon nitride (Si 3 N 4 ) can be used for the spacer layer 23a, for example. A 
process such a CVD can be used to conformally deposit the spacer layer 23a. 
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In FIG. 17, a conformal deposition step followed by an anisotropic etch step is 
repeated twice to define two spacers 23 extending outward of the opposed side 
surfaces of the micro-feature 21 . The actual number of spacers 23 will be 
determined by the number of conformal deposition steps and the number of 
anisotropic etch steps. 

The micro-features 21 can have a dimension t 0 that can be determined in 
part by a lithographic process and an etching process used to define the micro- 
features 21. For instance, the dimension t 0 can be about 0.10/ym. Similarly, the 
spacers 23 can have dimensions and t 2 that can be identical or can vary among 
the spacers 23. For example, the dimensions t, and t 2 can be about 0.010 /vm. 
After the aforementioned planarization step, the variations in height among the 
spacers 23 and the micro-features 21 will be determined by their respective 
materials and the anisotropic etch processes that the spacers 23 and the micro- 
features 21 are subjected to. The dimensions for t 0 , t,, and t 2 are not limited to the 
values set forth herein and the actual dimensions for t 0 , t,, and t 2 will be 
application dependent. 

For purposes of illustration only, a source s and a drain d can be formed in 
the substrate 11 and can include a lightly doped region 43 and a heavily doped 
region 45. In a typical LDD process, the lightly doped region 43 would be formed by 
implanting a light dose of a dopant into the substrate 11 using the gate electrode g 
as a mask. Next, after the formation of the spacer 23, the heavily doped region 45 
would be formed by implanting a heavy dose of a dopant into the substrate 11 using 
the spacer 23 as a mask. 

However, the above mentioned steps for forming the lightly doped region 43 
and a heavily doped region 45 are not necessary for making the wide-area nano- 
size imprinting stamp 10 using the spacer technique and can be eliminated entirely. 
The gate dielectric layer 41 is optional and can also be eliminated. The micro- 
features 21 and the spacers 23 can be formed without the implantation steps and 
the above description of the LDD process serves only to illustrate how 
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microelectronics fabrication techniques that are well understood by those skilled in 
the microelectronics art (e.g a CMOS process) can be adapted to form the wide- 
area nano-size imprinting stamp 10 using the spacer technique of the present 
invention. 

Although several embodiments of the present invention have been disclosed 
and illustrated, the invention is not limited to the specific forms or arrangements of 
parts so described and illustrated. The invention is only limited by the claims. 
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